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AND MAXTMUM NORMAL-FORCE COEFFICIENT OF THE
DOUGLAS X-3 RESEARCH ATRPLANE

By Thomas F. Baker, James A. Martin, and Betty J. Scott
SUMMARY

The X-3 airplane, which has a stralght 4.5-percent-thick wing of
modified hexagonal section, has been flown to meximum wing normal-force
coefficients In the Mach number range from 0.7 to 1.1 at an average alti-
tude of 30,000 feet. Measurements were made of eirplane and wing-panel
maximim normal-force coefficients and of some buffeting characteristics.
Limited data on the effects of & nominal 7° deflection of wing leading-
edge flaps on the maximum 1ift and buffeting characteristics at subsonic
speed were also obtalned.

Airplane maximum normal-force coefficient. was 0.65 in the Mach num-
ber range from 0.7 to 0.85, but thereafter lncreased rapldly with Mach
number and reached a value on the order of 1.0 at a Mach number of 0.93.
Wing-panel maximum normal-force coefficient decreased from 0.65 at a Mach
number of 0.7 to 0.60 at a Mach number of approximstely 0.8, but there-
after increased with Mach number (abruptly between Mach nnﬂbers of 0.9
end 0.95) and reached a value on the order of 1.3 at a Mach number of
1.05. Maximm wing 1ift defined the effective longitudinal maneuver-
ability 1imit of the airplane throughout lts speed range. High-altitude
flight was precluded and moderete-altitude flight was severely limited
at subsonic speeds by the comblned effects of high wing loading and low
maximum wing 1ift.

Buffeting occurred at a wing-panel normal-force coefficient about 0.2
below wing-penel maximum normal-force coefficient at Mach numbers up
to 0.9% and at gbout 0.1 below wing-psnel maximim normal-force coeffi-
cilent at Mach numbers above 0.95. A rapid increase, rather than decrease,
in the buffet boundary with Mach number in the Mach number range from 0.85
to 0.95 resulted from the elimination of shock-induced filow separation by
use of the thin, low-aspect-ratio wing. The magnitude of the buffeting
encountered did not constitute eilther an operational or a structural prob-
lem. Buffet-induced fluctuations in normal acceleration at the center
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of gravity &id not exceed t0.3g below maximum 1ift at subsonic speeds.
At supersonic speeds, the acceleration fluctuations were of negligible
amplitude. : :

Deflecting the wing leading-edge flaps 7° in the Mach number range
from C.70 to 0.85 resulted in no asppreciable change in wing-pasnel or air-
Plane lift-curve slopes, but increased the values of maximum normal-
force coefficient about 0.1 at Mach numbers below 0.8. The buffet bound-
ary was raised by the T° flap deflection to a normal-force coefficient
about 0.15 above the clean-confilguration boundary in the Mach number
renge from 0.70 to 0.85.

INTRODUCTION

The Douglas X-3 alrplane 1s one of a series of research airplanes
constructed for use by the National Advisory Committee for Aeronsutics
as part of the Joint Air Force-Navy-NACA research progrem. The alrplane
was designed for sustained flight at supersonic speeds and has a straight,
4 .5-percent-thick wing, and a long polnted fuselage which is large in com-
perison to the size of the wing. It 1ls powered by two turbojet-
afterburner combinations. ' A T T

The transonic 1l1ft and buffeting characteristice of the X-3 airplane
are of interest because of the somewhat unusual configuration of the air-
Plane and particularly because of its thin, low-aspect-ratio wing which
hes & modified hexagonal alrfoll and a leading-edge flap. The effects
of alrfoll thickness on transonic flow separation and buffeting have been
studied. in numerous investigatlons such as references 1 to 4. These
investigations have shown that substential slleviation of buffeting at
transonic speeds should be cobteinable through reductlon in wing thick-
ness ratioa. In addition, the use of camber or leading-edge flaps to
delay leading-edge-fléow separation (refs. 4 to 6) would be expected to
increase the buffet-free 1ift range of thin wings at subsonic speeds.

This paper presents the wing and ailrplane maximum 1lift and buffeting
characteristics which were obtalned during flight tests of the asilrplane
by the NWACA High-Speed Flight Statlon at Edwerds, Calif. Limited data
on the effects of & nominal T© deflection of the leading-edge flaps on
the lift end buffeting characteristics at subsonic speeds are lncluded.
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SYMBOLS

wing span

normal-force coefficient

airplsne normal-force coefficlent, nW/qS

wlng-panel normal-force coefflclent, Nﬁlqﬁw

wing chord
acceleration due to gravity, f£t/sec®

pressure altitude, £t

stabilizer deflectlon with respect to fuselage reference line,
positive when leading edge of stabllizer 1s up, deg

free-stream Mach number

serodynamlic normel force on wing panel, 1b

normsgl-load factor, g units
free-stream dynamic pressure, Ib/sq £t
total wing area, 166.5 sq £t

wing-panel area outboard of strain-gege station,
(each side, 47.57 sq £%)

time, sec
airplane weight, 1b
engle of attack, deg

incremental fluctuation of normel accelergtion at center of
gravity due to buffeting, tg units

leading-edge-flap deflection, deg

pitching angular velocity, radians/sec
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Subscripts:

max maximm
L left

R right

ATRPIANE

The Douglas X-3% alrplane is a single-place stralght-wing airplane
powered by two J34% turbojet englnes equipped with afterburners. The air-
plane 1s characterized by a long pointed fuselage which has appreciable
projected plen-form ares as compared to exposed wing area. A photograph
of the airplene is shown In figure 1, and & three-view drawing 1s pre-
sented in figure 2(a). The physical characteristics and dimensions of
the airplane are given in table I.

The wing 1s unswept-at the T5-percent-chord line, 1s equipped with
both leading- and trailing-edge flaps, and is mounted wilith zero incidence
and dihedral. The wlng section is a ﬂ.5-percent-thick hexagonal eirfoll,
modiflied by rounding the corners. A section view of the wing at midsemi-
span is shown in figure 2(b). The airplane has an all-moveble horilzontal- -
tall surface and conventional flap-type rudder and aileron control sur- .
faces. All the eserodynamic control surfaces are powered by an lrreversible
hydraulic system and have varlable srtificlal force gradlents.

The wing 1s constructed of heavy tapered aluminum-alloy plating,
separated by a multicellular core. The fuselage is of semimonocoque con-
struction consilsting of closely spaced frames, a relatively smsll number
of longerons, and comparatively heavy skin. The horizontal tall 1s con-
structed of titanium skin stiffened by chordwise ribs. Bach side of the
horlzontal tall is assenmbled on one double~webbed steel spar which ter-
minates as a comblned spar end torgue tube. The vertical tail has a main
spar, rudder support spar, and heavy skin stiffened by chordwise ribs.

INSTRUMENTAT ION

The X-3 airplane was equipped with standard NACA recording instru-
ments for measurlng the following quantities pertinent to this
Investigation:

Alrspeed = - . T : - - - . - C e
Altitude o : . . )
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Angles of attack and sldesliyp
Control surface positions

Three components of acceleration
Angular veloclties _ _
Structural loads and stresses
Left-wing surface pressures

The airspeed head and angle-of-attack vene were mounted on a boom
projecting from the nose of the alrplene. Strain gages were installed
at the roots of both wing panels, on the vertical tall, and on both
sides of the horizontal stabilizer as shown in Pigure 2(a). The bending
bridges were cemented elther to spar caps or to the skin Inner surfaces.
The shear bridges were cemented to spar or core webs. A fluid-dsmped
Statham accelerometer, maintained at a constant temperature by a thermo-
statically controlled heating jacket, was Instelled near the alrplane
center of gravity to measure fluctuations in normal accelersation durlng
buffeting. The straln geges and Statham accelerometer were recorded on
8 36-channel Consolidated recording osclllograph with dynamic response
flat (within 5 percent) to about 60 cycles per second. All instruments
were synchronized by a common timer.

The airspeed system was calibreted by using the radsr-phototheodolite
method of reference 7. The velues presented hereiln for angle of attack
were not corrected for the effects of upwash, boom bending, or pitching
velocity. Both strain-gage and pressure measurements were used to deter-
mine values of wing-panel normal-force coefficilent CNﬁ; straln-gage

results for the flep-undeflected confliguration, and left-wing-surface
pressure measurements (ref. 8) for the flap-deflected conflguration.
The two methods gave equally good mesasures of wing-panel aerodynamic
characteristics for the flap-undeflected conflgurstion. The strain
gages were caelibrated by applying static loads to the structure. The
wing strein-gage calibretion espplied only to the flap-undeflected con-
filgurstion and was not accurate for the flap-deflected configuration.

The estimated overall accuracies of the sallent quantities pre-
sented in thils paper are:

T N
ONp + # # + s s st e et tee e ... $0.00

T T T T
Gy ABE « i v e e a e e e me e E e e e e e e e e e e s .. #L.0
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RESULTS AND DISCUSSION
Maximum Normel-Force Coefficlents -

General characterlstics.~ Typlcal variations wilth angle of attack
of sirplane normal-force coefficient CNA, wing-panel normael-force coeffi-

clent CNW: stablllzer position, end pltching veloclty are presented in

figure 3 for several Mach numbers to show the general characteristics of
pertinent quantitles during longitudinal maneuvers. All date presented

in this paper were obtained during low pitching rate accelerated turns

and push-down pull-up maneuvers at altitudes varying from 28 000 .
to 35,000 feet in the Mach number range from 0.7 to 1.15. The varlation .
of CNA and CNw with angle of attack 1s characterized by en essentially !

linear varilation up to moderate angles of attack followed by a generally i
gradusl reduction in slope to maximum wing 1ift. The initlal reduction

in wing lift-curve slope has been termed the wing "1lift break.” Wing and |
airplane maximum normsl-force coefficlents are defined as the values of i
CNw and CNA at which dCNwldm and dCNAIdm sre essentlally zero.

It should be noted that alrplane maximum normal-force coefficients were Pw

not attained at Mach numbers above 0.93, although, as shown in. figures B(e);
and 3(f), dCNAlda continuously decreased above an angle of attack of

about 12°, Mild pitch-ups, sometimes accompanied by a roll-off, occurred
throughout the speed range as maximum 11ft was approached. The pitch rate
during the pitch-up was generally low (less than 0.3 radian/sec).

Maximum lift bounderies.~ The 1ift data obbtained during the tests are .
summarized in figures 4 to 6. It may be seen that wing-panel meximum f
normal-force coefflclent decreassed from 0.65 at a Mach number of 0.7
to 0.60 at a Mach number of approximetely 0.8, but thereafter increased
with Mach number (abruptly between Mach numbers of 0.90 and 0.95), and
reached s value on the order of 1.3 at a Mach number of 1. 05. It 1is
Interesting to note that at low supersonic speed, the values of CN*max

and the corresponding angles of attack were slmost twlce the values at
subsonic speed (M =~ 0.8). The alrplane normel-force-coefficient data
(fig. 6) show the same trend with Mach number as the wing-penel data of
figure 4, except below M =~ 0.85 the values of Cp were essentially

constant at 0.65. Maximum airplane normel-force coefficient was 1.0 at

= 0.95. At Mach numbers above 0.9%, maximim values of alrplane normal-
force coefficient were not attained even though angles of attack on the
order of 18° were reached.

Some indication of the wing flow characteristics at maximum 1ift
is provided by the pressure-distribution date of references 8 and 9 and
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by the wind-tunnel investigations of references 10 and 1l. In genersal,
below a Mach number of sbout 0.9%, the wing 1ift bresk and maximum 1ift
are the result of wing upper surface flow separation. Above a Mach num-
ber of 0.94 the wing flow is essentlally supersonic to maximum 1ift, and
the 1ift bresk and maximum 1lift are primerily the result of the attain-
ment of limit pressure over part of the upper surface.

Usable load factor.- The influence of the maximom 11ft boundary on
flight operations conducted with this ailrplene is of interest. In fig-
ure 7 the variation of asilrplane normal-load factor for maximum wing 1lift
is shown as a function of Mach number for several altitudes. The normal-
load factor for maximum wing 11f%t, rather than heavy buffeting or maxi-
mum eirplane 1ift, defines the effective longitudinal maneuverablility
1imit for this airplane because of the large increase in drag assoclated
with wing stall, the decay in longitudinal stabllity, which at subsonic
speeds is almost colncidental with CNW and, as shown 1n the fol-

max

lowing section, the absence of all but incilpient buffeting below maximum
wing 1Lift. It may be seen in figure 7 thet at subsonlc speeds, high-
altitude flight was precluded and moderaste-sltitude flight was severely
limited by the combined effects of high wing loading (W/S = 120) and low
meximum wing 1ift.

Buffeting

General characteristics.- Three typlcal osclllograph records of wing,
horizontal-tail, and vertical-tall straln-gage responses are reproduced in
figure 8. The strain-gage locatlons and osclllograph channel identifica-
tion are glven in teble ITI. The start of wing buffeting (indicated on
each record by an arrow) was evidenced by the occurrence of wing bending-
stress fluctuations. The onset of taill buffeting was evidenced by fluc-
tuations In the oubtputs of both tall shear and tall bending geages. Wing
bending-stress fluctuations were recorded at about 16 cycles per second
and wing shear-stress fluctuations at about 45 cycles per second. Shear
and bending stresses in the vertilical tail fluctuated at about 30 cycles
per second. Horizontal-tall bending stresses were recorded at about
25 cycles per second and the horizontal-tall shear stresses fluctuated
at 25 cycles per second and at about TO cycles per second. The natural
structural modes of vibration to which the buffet frequencles sppeared
to correspond were:

Wing bendling stresses lst symmetrical wing bending
Wing shesr stresses 1st symmetrical wing torsion
Vertical-tall stresses 1st vertical-tail bending
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Horlzontal-tail. bending lst symmetrical horizontal- -

stresses ~taill bending
Horlzontal-tall shear . Unsymmetrical horizontel-

stresses - _ tail torsiom
Buffet boundaries.- The wing buffet boundary, which defines the
buffet boundary for the airplane, and the wing buffet-intensity fise,
which denotes the first apparent increase in buffet intensity as pene-
tration into the buffet regilon increases, are presented as functions of
wing-panel normal-force coefflcient and Mach number in figure 9; as funec-
tions of airplane normal-force coefficient and Mach number in figure 10;
and as functions of angle of attack and Mach number in figure 11. It
may be seen that the buffet bouridary and the maximum 1ift boundary exhiblt
the same varlation with Mach number. Buffeting occurred at a normsl-force
coefficient about 0.2 below maximum 1ift et Mach numbers up to 0.93, and
at about 0.l below maximum 1ift at Mach numbers sbove O. 95. The abrupt
incresse, rather than decrease, in the buffet boundery as Mach number is
increased from about 0.85 to O 95 results from the elimination of shock-
induced wing flow separation, and was achieved by use of a thin, low-
aspect~ratioc wing. The start of horizontal ~teil buffeting may be seen
in figures 10 and 11 to be coincéidental with the wing buffet-intensity
rise at Mach numbers below 0.90, while at Mach numbers above 0.95, tail
buffeting was colncidentsl with the stert of wing buffeting. '

It is generally recognized that low-1lift transonic buffeting resultes
from shock-induced wing flow separation. Reduction in wing thickness and,
to some extent; aspect ratlo, decreases the strength of the wing shock.
For wings with thickness ratlos less than about 0.06, the shock is not
strong enough to separate the boundary layer at low 1ifts, thus elimi-
nating low-lift transonic buffeting for such thin wings. Shock strength
increases with angle of attack and the onset of buffeting at moderate 1ift
at a Mach number of.about 0.85 1s the result of shock-induced separation
over the rearward part of the wing. The upturn in the buffet boundary as
Mech number is increased from O. 85 to 0.95 results from the opposing
effects of angle of attack and Mach number on shock position - as Mach
number Iincreases, the shock tends to move toward the trailing edge, and
as angle of attack increases, the shock tends to move toward the leading
edge. It is probable that in this Mach number range, the buffet boundary
approximates a curve for a constant shock position. o o

Wing flow characteristics.- The occurrence of leading-edge flow
separation at the wing root, midsemispan, and tip orifice statlons (from
ref. 8) is compared with the buffet bounddry in figure 12. Also shown
1s the variation with angle of attack of the critical Mach number at
three spanwise wing stations (from ref. lQ). There is little correlation
between leading-edge separation and buffeting with the exception of the .
transonic lncresse with Mach number of both the buffet boundary and the
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separation bounderies. ' Correlatlon between critical Mach number and
buffeting is nonexistent as would be expected for a wing of thin airfoil
section.

The lack of correlation between leading-edge separation and buffeting
1s understandeble when 1t is realized that the leading-edge-separation
boundaries of reference 8 define only the occurrence of separated flow
indicated by the pressure orifices closest to the leading edge and con-
note nothing about the flow conditions aft of the leading edge. Deter-
minetion of the flow conditions aft of the leading edge from presently
available flight measurements (ref. 9) was not possible because of
limited transonic Mach number coverage. However, the wind-tunnel results
of references 10 and 11 do provide the followlng gross picture of the
wing flow characteristics: At & Mach number of 0.6, the leading-edge
separation 1s Initially confined to about the forward l0-percent chord
and as angle of atbtack 1s increased, the flow reattachment point moves
rearward until complete upper-surface stall occurs; at a Mach number of
0.8, similar flow conditlons prevail except that at midsemispan the flow
reseparates at about 35-percent chord after initial leading-edge separa-
tion and reattaechment, and increase in angle of attack results in an
increase in the leading edge and midchord separation areas; at Mach num-
bers of 0.90 and 0.925, separation occurse first over the trailing edge
of the wing snd progresses toward the leading edge as angle of attack
1s incresassed.

The relation between flow separatlon and the onset of buffeting can
be described as follows. At Mach numbers below about 0.8, flow separation
occurs at the lesding edge but Inltlally exists over only a small area
along the leading edge; the random force generated by the fluctuating
pressures scting over this small area is not sufficient to excilte vibra-
tory motion of the wing. As angle of attack is increased, the magnitude
of the random force is increased due to the 1lncrease in surface area over
vwhich separation exists (and the pressure fluctuations act), and wing
vibration (buffeting) results. As Mach number is increased from gbout 0.8,
the flow-separation pattern changes from sepsration at the leading edge
pProgressing rearward with angle of attack, to separation et both the
leading and the trailing edge progressing toward the quarter chord from
both directions with angle of attack to separation at the trailing edge
progressing forward with angle of attack. The onset of buffeting at
angles of attack below the occurrence of leading-edge separation (Mach
numbers sbove about 0.8) thus appears to be the result of separation over
the rearward areea of the wing. Above a Mach number of sbout 0.85, the
leading-edge-separation boundaries are indicative of almost complete
wing stall. . _

The occurrence of supersonic buffeting at Mach numbers above 0.95
Probably results from the occurrence of a small region of separated flow
along the tralling edge of the wing at high angles of attack.
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Buffet magnitude.- The magnitude of the buffeting encountered by
this airplane below maximum 11ft did not constlitute an operational or a
structural problem and imposed no limitation on operation of the airplane.
The buffet-induced wing stresses were less then 2 percent of "design load
stress”" below airplane meximum normal-force coefficient, and buffet-
induced stresses in the horizontal tail were less than 5 percent of design
load stress below alrplane meximum normel-force coefficlent. Design load
stress 1s defined as the maximum stress developed by application of design
limit loads during static tests. During one maneuver, however, which went
well beyond the stall (figs. 3{(d) snd 8(b)), the wing buffet stresses
reached values on the order of 3.5 percent, and the horizontal- and
vertical-tail stresses reached values on the order of 10 percent of
design load stress.

Results of measurements of fluctuations in normal acceleration at
the center of gravity at a nominal altitude of 30,000 feet are shown in
figure 135. It may be seen that at subsonic speeds the values of Aan

did not exceed 10.3g below maximum wing 1lift. At supersonlc speeds the
magnitude of the buffeting was negligible. The acceleration fluctuations
occurred at a frequency of about 16 cycles per second with a higher fre-
quency on the order of 60 to 70 cycles per second superimposed on the
lower frequency. The l6-cycle-per-second vibration corresponds approxi-
mately to the first mode of symmetrical wing bending.

Stall warning.- Buffeting did not provide adequate werning of pltch-up
or maximum 1ift for this sirplane. At Mach numbers below 0.3, the lift
range between the onset of buffeting and maximum 1ift was too large, and
the increase of buffet magnitude with 1ift was too smell to provide a
usable warning to the pllot of lmminent pitch-up or stall. Conversely,
at Mach numbers between about 0.90 and 0.95, the 1lift and speed range
between the buffet.boundary and meximum 1ift was too small to provide
adequate warning. At supersonic speeds, the buffeting could barely be
detected by the pllot but was used, in conjunction with increasing stick
force and normal acceleration, to indicate that meximm 1ift was being
approached. For all practical purposes, however, the pilot believed that
stall warning wes nonexlstent at supersonic speeds.

Effects of Leading-Edge-Flap Deflection

Effect on 1lift.- Several exploratory longitudinal maneuvers with
leading-edge fleps deflected a nominal T° were made at Mach numbers
between 0.7 and 0.9. It should be noted that the nominal 79 deflection
tested was not necessarily the optimum for minimum drag, maximum 11f%,
buffet alleviation, etc., and that flsp deflectlion during the maneuvers
was not constant but graduslly decreased from sbout 9° at zero lift to
about 6° at peak lift as the leading-edge loading increased. The
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variation with angle of attack of alrplane and wing-panel normsl-force
coefficients for the flsp-deflected configuration is shown in figure 1L
for several Mach numbers. The effects of the flap deflection on maximim
1ift are summerized in figure 15 as a function of Mach number. Deflec-
tion of the leading-edge flaps resulted in no appreciable change in
wing-panel or alrplane lift-curve slopes; however, as seen from figure 15,
maximim normal-force coefficlents were increased on the order of 0.1 by
the 7° flap deflection. This increase in maximum normal-force coefficient
is a result of the camber effect derived by drooping the leading edge,
which delasys separation to a higher angle of attack. Maximim normal-
force coefficients were not attained at Mach numbers above 0.8 in the
flagp-deflected configuration as a result of termination of the maneuvers
by the pilot because of imminent pitch-up or lateral instabllity (roll-
off). The peak values of CNA shown in figure 15 thus tend to repre-

sent the meximum usable 1ift for the flap-deflected configuration
investigated.

The necessity for lncreasing wing maximum 1ift at subsonic speeds
was shown by the varlation of alrplane normel-load factor with Mach num-
ber for varlous altitudes in figure 7. The utilization of leading-edge
flaps as & means of increasing subsonic maximum 1ift 1s shown 1n fig-
ure 1 to be quite effective, and although the data were obtalned for
only one flap position over a limited Mach number range, the flight
results confirm the results cobtalned in wind-tunnel studies such as ref-
erence 12, and in wind-tunnel tests of the X-3 model (refs. 10 and 11).
These investligations have shown that at transonic and subsonic speeds,
deflection of a leading-edge flap results 1n a rearrangement of the wing
pressure distribution that, at low and moderate angles of attack, causes
little change in net 11ft and a rearward shift 1n the center of pressure,
but which at moderste and high angles of attack achieves substantial
reductions in drag and substantial incresses in maximim 1ift and 1ift-
drag ratios. -

Determinetion of optimum flap poslitions for crulse, longitudinel
maneuvers, maximum lift, and meximm 1ift-drag ratioc was not possible
during the present tests, but analysis of wind-tunnel data such as ref-
erence 12 clearly shows that the optimum flap positions for each of the
foregoing flight operations are different and that optimum f£flap position
for any operation varies with Mach number end angle of attack. Mesnual
operation or pre-set seguencing to a fixed position of leading-edge fleps
achieves some beneficlal effects for some operations, such as cruising
flight, but also has certain disadventages. For ilnstance, durlng the
present tests, the flaps were deflected from level, trimmed flight at
the rate of about 3 degrees per second. An abrupt, disconcerting, nose-
down trim change, termed by the pilot as "excessive," occurred as a
result of the rearwerd shift of the center of pressure. In addition,
deflection of a leading-edge flap at low angles of attack results in
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increased drag and, in some cases, buffeting, when the lower surface of
the flap is at a negative angle of attack. It thus sppesrs that in
order to obtain optimum results from a leading-edge flap, automatic
positioning of the flap as a functlon of Mach number and angle of attack
is required. _ - -

Effecte on buffeting.- The buffet-boundary characteristics of the
airplene in the flap-deflected configuration are shown in figure 16.
Comparison of the wing buffet boundary for the flap-defliected confiligu-
ration with the wing buffet boundary for the clean configuration 1s
shown in figure 17. The values of CNA for the onset of wing buffet,

which define the airplane buffe}f boundary, were increased approxi-
mately 0.15 by the 7° flap deflection for Mach numbers from O. T to O. 8
The values of CNA at which the wing buffet- intensity rise occurred

were increased approximetely 0.2 over this same Mach number range. The
onset of tail buffet was slightly before, or coincident with the wing
buffet-intensity rise, as was the case with the flaps undeflected. The
leading-edge flaps gradually lose thelr effectiveness as buffet allevia-
tors as Mach number is increased from 0.85 to 0.9G. At Mach numbers
above 0.85, buffeting 1s predominantly the result of shock-induced flow
separation over the rearwsard part of the wing "and small deflections of
a leading-edge flsp would be expected to be ineffective 'in delsying or
reducing such separation. Larger defiections of = leading-edge flap®
would result in earlier flow separation on the upper surface and prob-
ably cause flow separation on the lower surface.

CONCLUDING REMARKS

Measurements were made of alrplene and wing-panel maximum 1ift and
buffeting characteristics of the Douglas X-3 airplane in the Mach num-
ber range from 0.7 to 1.l. Airplane maximum normal- force coefficient
was 0.65 in the Mach number range from 0.7 to O. 85, but thereafter
increased rapidly with Mech number. and reached a value on the order
of 1.0 at a Mach number of 0.95. Wing-panel meximum normsl-force coeffi-
clent decreased from 0.65 at a Mach number of 0.7 o 0.60 &t a Mach num-
ber of approximately 0.8, but thereafter increased with Mach number
(abruptly between Mach numbers of 0.9 and 0.9%5) @nd resdched a value on
the order of 1.3 at a Mach number of 1.05. Maximum wing 1lift defined
the effective longitudinsl meneuversbility 1imit of the airplane through-
out 1ts speed range. High-altitude flight was precluded and moderate-
altitude flight was severely limited at subsonic speeds by the combined
effectes of bhigh wing loading snd low maximum wing 1ift.

Buffeting occurred at a wing-panel normal-force coefficlent about 0.2
below wing-panel maximum normal-force coefficient at Mach numbers up =
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0 0.93 and at about 0.1 below wing-penel maximum normal-force coeffi-
clent at Mach numbers above 0.95. A rapid increase, rather than decrease,
in the buffet boundary with Mach number in the Mach number range from 0.85
to 0.95 resulted from the elimination of shock-Induced flow separation by
use of the thin, low-aspect-ratio wing. The magnltude of the buffeting
encountered did not constitute eilither an operational or a structurael prob-
lem. Buffet-induced fluctuastions 1n normal acceleration et the center

of gravity did not exceed +0.3g below maximum 1ift at subsonic speeds.

At supersonic speeds, the acceleration fluctuations were of negligible
amplitude.

Deflecting the wing leading-edge flaps a nominal T7° in the Mach num-
ber range from 0.7 to 0.85 resulted in no apprecilagble change in wing-panel
or ailrplane lift-curve slopes, but increased the values of meximum normal-
force coefficlent sbout 0.l at Mach numbers below 0.8. The buffet boundary
was raised by the 7° flap deflection to a normal-force coefficient about
0.15 above the cleanrconfiguration boundary in the Mach number range from
0.70 to 0.85.

High-Speed Flight Station,
National Advisory Committee for Aeronsutics,
Edwards, Calif., July 30, 1957.
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PHYSICAL CHARACTERISTICE OF THE DOUGLAS X-~3 AJRPLANR
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Osclllograph channel

number
Surface | Strain-gege location Type .
Figure 8(a) Figure 8(c)
Figure 8(b)
32-percent chord Shesr 2 5
50-percent chord Shear 13 3
Right wing 68-percent chord Shear 3 6
h6-percent chord Bending 6 10
S54-percent chord Bending T 11
32-percent chord Sheaxr L T
50-percent chord Shesr 1 k
Left wing 68-percent chord Shear 5 8
Y6-percent chord Bending 8 12
54.-percent chord Bending 9 13
Forward spar web Shear 15 23
Rif:}flmrizontal Aft spar web Shear 17 o5
Spar caps Bending i9 30
Forward spar web Shear 16 oh
Lei:i?orizontal Aft spar web Shear 18 26
Spar caps ‘| Bending 20 3L
Front spar web Shesar 27 17
Rear spar web Shear 28 18
Front spar attachment
Vertical tall £1tting, bending Bending 25 15
Rear spér attachment

fltting, bending |Conding 26 16

Airplane center
of gravity Statham accelerometer|Vertical 24 14
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E-1995

Figure 1.~ Photograph of the Douglas X-3 research alrplane.
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Figure 2.- Drawings of the X-3 research alrplane. All dimensions in inches unless otherwise
noted.
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Figure 9.~ Variation with Mach number and wing-papel normal -force coefficlent of the wing buffes

boundary and wing buffet-intensity-rise boundary. X-3 airplane.

1.20

6OHLCH W VOVN

45 -

(44



|.€["Start of wing buffef —O—
Wing buffet-intensity rise 0
Stort of tail buffet <o

1.0F ' AL
Cy. for Cy — Se%0 5
A A “man\ /

6 — e —

4 | 8988

4 o . S O
Buffet boundary
2
O60 %5 70 75 80 B85 .90 95 100 105 110 15 120

Figure 10.- Varlation with Mach number and airplane normal-force coefficlent of the onset of
wing and tail buffet end the wing buffet-intensity rise. X-3 alrplane.
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